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Human use of robots is still in its infancy.  Robotic 
devices handle repetitive or voluminous tasks, mass data 
acquisition, and management in many current Earth applications. 
However, the unique challenges presented by space exploration 
render collaborations between humans and robots essential. The 
products of those collaborations will be novel and driven by the
features of wholly new environments.  

Relative degrees of integration between human and 
device fall along a continuum.  This continuum begins with 
exclusively robotic missions of the present type (and those 
envisioned in the near future), and progresses to the point where 
distinctions between the organic and non-organic components are 
blurred.  Stages in the development of interorganism
collaboration in Earth’s biosphere over evolutionary time provide 
conceptual parallels for such future hybrid robot-human 
consortia.

Abstract
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For space and planetary environments that are intolerable 
for humans or where humans present an unacceptable risk to 
possible biologically sensitive sites, autonomous robots or
telepresence offer excellent choices.  The search for life signs on 
Mars fits within this category.  We are attempting to robotically 
emulate a human field scientist’s modus operandi, exemplified by 
our Mother Goose Mission concept. 

For human space missions or Earth applications in difficult 
environments, human-guided and autonomous robotic assistants are 
both valuable.  Our proposed Speleoscope instrument is envisioned 
as a first step along this path.  

For environments on spatial scales radically different from 
humans, all of the above robotic manifestations may be applicable.  
For example, engineered organisms, nanomachines or hybrids of 
both could be used for extractive mining processes or even for 
establishing substitute recycling mechanisms on non-subductive
planets like Mars. 

Development of biological robots and increasingly 
instrument-enhanced humans could lead to symbioses (analogous to 
lichens) or even syncytia (analogous to mitochondria).  Currently, 
pacemakers and other medical implant mechanisms can be 
considered primitive precursors to these.  Developments in genetic 
modification, progress in the instrumentation of higher organisms 
(plants), and the tantalizing possibility of permanent internal
nanomechanisms on cellular scales are critical-path technologies 
preparatory to organic-machine hybridization.

Epistemological consequences flow from each of these 
choices.  For some highly advanced human-robot associations, 
ethical considerations will also arise.  If we endow advanced robots 
and human-robot consortia with certain properties, they may 
ultimately transcend our present ability to anticipate or control 
their direction.  Such new entities will qualify as lifeforms in their 
own right.  Their collective behavior will qualify as a classical 
evolving system.
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Why Do We Need & Want Robots?Why Do We Need & Want Robots?

Numerous or repetitive tasksNumerous or repetitive tasks

Mass data acquisition & management           Mass data acquisition & management           

Nasty environmentsNasty environments

Tiny environmentsTiny environments

Huge environments Huge environments 

Sensitive environmentsSensitive environments

PetsPets

Self extensionsSelf extensions

Image temporarily omitted

ToolTool SelfSelf

RobotRobot--human Continuumhuman Continuum

Image temporarily omitted
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Human Robotic ConsortiaHuman Robotic Consortia

Robotic missions Robotic missions 

HumanHuman--guided robotsguided robots

Autonomous assistants Autonomous assistants 

Telepresent missionsTelepresent missions

Biological robotsBiological robots

Instrumented humansInstrumented humans

Cyberorganic syncytiaCyberorganic syncytia

Image temporarily omitted

ParasitismParasitism
CommensalismCommensalism
SymbiosisSymbiosis
EndosymbiosisEndosymbiosis
OrganellizationOrganellization
SyncytiaSyncytia

Biological Biological 
ParadigmsParadigms

R.D. Frederick © 2001R.D. Frederick © 2001
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EvolutionaryEvolutionary
NecessitiesNecessities

SelfSelf--reproductionreproduction

Differential survivalDifferential survival

VariabilityVariability
•• Hi fidelity copiesHi fidelity copies
•• Some imperfectSome imperfect
•• RecombinationRecombination
•• Lateral transferLateral transfer

TransTrans--evolutionaryevolutionary
Factors Factors 

IntentionalityIntentionality

SelfSelf--engineeringengineering

Modern human modelModern human model
•• Independent Independent meme meme evolutionevolution
•• Medical “selfMedical “self--engineering”engineering”

Ecological releaseEcological release
•• New set of selective drivers  New set of selective drivers  

OROR
•• Obviate evolutionObviate evolution

R.D. FrederickR.D. Frederick
© 2001© 2001
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TechniquesTechniques
Genetic manipulationGenetic manipulation

Genetic transformationGenetic transformation

Designer Designer biomoleculesbiomolecules

Bionics Bionics 

Robotic engineeringRobotic engineering

Nanoengineering Nanoengineering 

R.D. Frederick R.D. Frederick 
© 2001© 2001

R.D. Frederick © 2001

Human Emulation Human Emulation 
in Robotic Missionsin Robotic Missions
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The Field Scientist in the WildThe Field Scientist in the Wild

K. Ingham © 1999

R.D. Frederick © 2001

The Field Scientist In A CanThe Field Scientist In A Can
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Science Search StrategyScience Search Strategy
Mimic classic humanMimic classic human--conductedconducted
field sciencefield science

Multiple spatial scalesMultiple spatial scales

Multiple data setsMultiple data sets

Nested capabilitiesNested capabilities

Access to Access to ““difficultdifficult””
sites viasites via microrobotsmicrorobots

R.D. Frederick © 2001

R.D. Frederick © 2001R.D. Frederick © 2001

Field Scientist Modus OperandiField Scientist Modus Operandi

Scan at regional scaleScan at regional scale
Focus on general site typesFocus on general site types

Scan at walking scaleScan at walking scale
Focus on individual features or sitesFocus on individual features or sites

Preliminary Preliminary in situin situ analysesanalyses
Focus on restricted featuresFocus on restricted features
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Field Scientist Modus OperandiField Scientist Modus Operandi

Mother conducts in depth, Mother conducts in depth, in situin situ studiesstudies

Do it Do it ALLALL over again!over again!

Return data & selected samples Return data & selected samples 
to field lab,  orbital craft, or Earthto field lab,  orbital craft, or Earth

MicrounitsMicrounits conduct in depth, conduct in depth, in situin situ studiesstudies
DeploysDeploys auxilliary microunitsauxilliary microunits

HumanHuman--guided guided 
RobotsRobots

SemiSemi--autonomousautonomous

Earth Earth extremophile extremophile 
applicationsapplications

SterilizableSterilizable

R.D. Frederick © 2001R.D. Frederick © 2001
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Speleoscope Speleoscope in Actionin Action

Gaseous environment modelGaseous environment model
Thermal extremes modelThermal extremes model

Changeable headsChangeable heads
Mars prototypeMars prototype

R.D. Frederick © 2001R.D. Frederick © 2001

Aqueous Earth prototypeAqueous Earth prototype

R.D. Frederick © 2001

ReconnaissanceReconnaissance

Survey and mappingSurvey and mapping

Danger detectionDanger detection

AmeliorationAmelioration

Autonomous Robotic Assistants 
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Planetary Protection and Planetary Protection and 
Human ProtectionHuman Protection

Possible biological sitesPossible biological sites

Dirty/clean modelDirty/clean model

Contamination zone modelContamination zone model

Aseptic reconnaissanceAseptic reconnaissance

Preliminary assessmentsPreliminary assessments

LongLong--term monitoringterm monitoring

Intermediates in chain of asepsisIntermediates in chain of asepsis

Class IV+ containmentClass IV+ containment

R.D. Frederick © 2001

SubSub--human scale explorationhuman scale exploration

Microscale Microscale analysesanalyses

SelfSelf--deploying networksdeploying networks

Distributive intelligence  Distributive intelligence  

Dubowskoids
Inc.

BugbotsBugbots
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Colozza Entomopters, Inc.

RobotRobot--deploying Robotsdeploying Robots

R.D. Frederick © 2001R.D. Frederick © 2001

NanobioroboticsNanobiorobotics

Hydrological explorationHydrological exploration
Artificial biogeochemical cyclesArtificial biogeochemical cycles

Chemical and phase transformationsChemical and phase transformations
Medical functionariesMedical functionaries

DissolutionDissolution
MineralizationMineralization

Mining Mining 
NanotracersNanotracers
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TelepresentTelepresent
MissionsMissions
Planetary protectionPlanetary protection
Hostile environmentsHostile environments
Tiny environmentsTiny environments
Huge environmentsHuge environments
Alternative sensesAlternative senses
First step towardsFirst step towards
neural integrationneural integration

R.D. Frederick © 2001

Biological RobotsBiological Robots

ProteinProtein--based memoriesbased memories

Chemical switchesChemical switches

Molecular selfMolecular self--assembly assembly 

BacteriorhodopsinBacteriorhodopsin retinas retinas 

MetallisedMetallised DNA DNA nanowiresnanowires

Enzyme/thin film hybridsEnzyme/thin film hybrids

NeuronNeuron--like associative processorslike associative processors
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Instrumented HumansInstrumented Humans

Current straightjacketsCurrent straightjackets

Flexible suitsFlexible suits

Smart suits Smart suits 

SuitsSuits
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SensorallySensorally augmented augmented 

Mechanically augmentedMechanically augmented

Solar power augmentedSolar power augmented

AugmentedAugmented
SuitsSuits

Technology driversTechnology drivers
•• Military applicationsMilitary applications
•• Consumer productsConsumer products

R.D. Frederick © 2001

BionicBionic
HumansHumans

NeurallyNeurally integrated componentsintegrated components

Regenerating “skins”Regenerating “skins”

Photosynthetic?Photosynthetic?

Symbiotic?Symbiotic?
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Cyberorganic SyncytiaCyberorganic Syncytia

Homeostatic mobile plantsHomeostatic mobile plants

Photosynthetic animalsPhotosynthetic animals

UV photosynthesis UV photosynthesis 

WaterminingWatermining myceliamycelia

Transparent, airtight coatingsTransparent, airtight coatings

(A few suggestions….)(A few suggestions….)

SlawekSlawek WojtowiczWojtowicz©1995©1995

EpistemologyEpistemology

SensationSensation
ExperienceExperience

VeracityVeracity
TruthTruth

FalsifiabilityFalsifiability

How do we know what we think we know?How do we know what we think we know?
How does human/robotic collaboration complicate this issue?How does human/robotic collaboration complicate this issue?

Image temporarily omitted
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Organicness

Sensateness

Self awareness

Beinghood

EthicsEthics

Image temporarily omitted

R.D. Frederick © 2001

Perspectives may differ…Perspectives may differ…
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Robot-human interactions
• Integration continuum
• Biological parallels
• Self-replication leads to evolving systems
• Philosophical and ethical implications

Applications for space exploration
• Planetary protection concerns
• Field scientist emulation for near-term robotic missions
• Human-guided extremophile robots as precursors
• Nanobiorobotics = Microbiology X Engineering
• Telepresence first step towards neural integration
• Biological robots and instrumented humans 
• Convergence to cyberorganic syncytia

Advanced techniques becoming available daily!

RobotRobot--human interactionshuman interactions
•• Integration continuumIntegration continuum
•• Biological parallelsBiological parallels
•• SelfSelf--replication leads to evolving systemsreplication leads to evolving systems
•• Philosophical and ethical implicationsPhilosophical and ethical implications

Applications for space explorationApplications for space exploration
•• Planetary protection concernsPlanetary protection concerns
•• Field scientist emulation for nearField scientist emulation for near--term robotic missionsterm robotic missions
•• HumanHuman--guidedguided extremophileextremophile robots as precursorsrobots as precursors
•• NanobioroboticsNanobiorobotics = Microbiology X Engineering= Microbiology X Engineering
•• TelepresenceTelepresence first step towards neural integrationfirst step towards neural integration
•• Biological robots and instrumented humans Biological robots and instrumented humans 
•• Convergence toConvergence to cyberorganic syncytiacyberorganic syncytia

Advanced techniques becoming available daily!Advanced techniques becoming available daily!

SummarySummary

R.D. Frederick © 2001
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